UNCLASSIFIED 
AD  NUMBER 


AD029099 

CLASSIFICATION  CHANGES 

TO: 

unclassified 

FROM: 

restricted 

LIMITATION  CHANGES 

TO: 

Approved  for  public  release,  distribution 
unlimited 


FROM: 

Distribution  authorized  to  U.S.  Gov't, 
agencies  and  their  contractors;  Foreign 
Government  Information;  JAN  1954.  Other 
requests  shall  be  referred  to  British 
Embassy,  3100  Massachusetts  Avenue,  NW, 
Washington,  DC  20008. 

AUTHORITY 

DSTL,  AVIA  6/20158,  30  Jul  2008;  DSTL, 
AVIA  6/20158,  30  Jul  2008 


THIS  PAGE  IS  UNCLASSIFIED 


OTICE:  WHEN  GOVERNMENT  OR  OTHER  DRAWINGS,  SPECIFICATIONS  OR  OTHER  DATA 
RE  USED  FOR  ANY  PURPOSE  OTHER  THAN  IN  CONNECTION  WITH  A DEFINITELY  RELATED 
OVERNMENT  PROCUREMENT  OPERATION,  THE  U.  S.  GOVERNMENT  THEREBY  INCURS 
O RESPONSIBILITY,  NOR  ANY  OBLIGATION  WHATSOEVER;  AND  THE  FACT  THAT  THE 
OVERNMENT  MAY  HAVE  FORMULATED,  FURNISHED,  OR  IN  ANY  WAY  SUPPLIED  THE 
AID  DRAWINGS,  SPECIFICATIONS,  OR  OTHER  DATA  IS  NOT  TO  BE  REGARDED  BY 
^PLICATION  OR  OTHERWISE  AS  IN  ANY  MANNER  LICENSING  THE  HOLDER  OR  ANY  OTHER 
ERSON  OR  CORPORATION,  OR  CONVEYING  ANY  RIGHTS  OR  PERMISSION  TO  MANUFACTURE, 
'SE  OR  SELL  ANY  PATENTED  INVENTION  THAT  MAY  IN  ANY  WAY  BE  RELATED  THERETO. 


Reproduced  by 

DOCUMENT  SERVICE  CENTER 

KNOTT  BUILDING,  DAYTON,  2,  OHIO 


fOKT 

UCTURES 162 


SS 

*5S8»  a tt/DBa  in 


, ^ ” _ f r ^ ■ ' ■ , ’ 

***  / ‘ 1 ^"V1  y '.  ' * 1-  1 'J  ' , j 

*}  . 1 -,  '-  . -'•• 


. CONFlC^flA^ 


' : . V > 


O CQ 


MM 

MIN  • O » 0 W * t»  , : H A N T * 


REPORT  No;  STRUCTURES  1« 


THE  STRESS  DISTRIBUTION  IN 
PANELS  BOUNDED  BY  CONSTANT 
STRESS  EDGE  MEMBERS 

' V , **  i":  ■- 

« ^ 

E.H.MANSFIELD,  HA 


« ««euNWRB-  o**. 

»^S5,!W 

sSS2Kaa!  > 


H-  I M I I-  r K Y 


P Y tUtf  kt 


r « IMANBOffAfYO*  HA  OOVMNNtNT  AND 


™!tt8SSJJ*  CAUIP  Tip TM  NHAlTMK  ATTAOlNO  TO 
any  ormomcM.  $tct*n  act.  *hmw 

H*  B Bm4M  N At  fpi  rf  Af  NEpNN  cpjN  Np  NmbmMrIip  M mA  El 
INiRilW  ■ «•  PIM*N  W tN>  B^NaEBnE  «**  MB  GBRBMMB  IB  *•  «B*PM  *f  (Mr 
•*••  Tim  BpIMT  < ‘ *"  — "*  “ 


BBC*  MAmsmM**  BEAbeMM  wAfc  Am  — t>9B  |N  nan*.  An*  MEmn  *iW  cMm 
sA*  bbAnnabA  h*t4BP  B^B*  bAbMnN^E  EBEbbsArD  *E  Mbs  DbcbnbNS*  ^ Bp 

BdMrsMwtshMM  NpmmE  n,  wfMtsr  «mM  |B  mm  *fd  bMwm,  *•  cMbmib 
E» 

THI MCAVTAAY.  I WTHY  90  SfJffVf,  L0ND0HW.&1 

M SHM  ft*  pAMBA  AM  jarMw  AB 


NnN  EBbE  Db  Ai  MBBB^pM  P 


AAb  aMbiAE  ON  BA  Iimb  Am 


CONFIDENTIAL 


~V^  l££3£j/ 


NOTICE:  THIS  DOCUMENT  CONTAINS  INFORMATION  AFFECTINGTHE 
NATIONAL  DEFENSE  OF  THE  UNITED  STATES  WITHIN  THE  MEANING  | 
OF  THE  ESPIONAGE  LAWS,  TITLE  18,  U.S.C.,  SECTIONS  793  and  794. 

THE  TRANSMISSION  OR  TEE  REVELATION  OF  ITS  CONTENTS  IN 
ANY  MANNER  TO  AN  UNAUTHORIZED  PERSON  IS  PROHIBITED  BY  LAW.  I 


restricted 


U.D.C.  N0.53i.258  621-41 

Report  No.  Structures  1 62 
January,  1954 

ROYAL  AIRCRAFT  ESTABLISHMENT , EARNBQROUGH 

The  Stress  Distribution  in  Panels  Bounded  by 
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SUMMARY 


Exact  solutions  are  given  for  the  stress  distributions  in  long  panels 
bounded  by  constant  stress  edge  members.  The  influence  of  closely  spaced 
stringers  and  ribs  on  the  peak  shear  stresses  is  investigated. 
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1 Introduction 


The  stress  distributions  in  panels  bounded  by  constant  stress  and 
oonstant  area  edge  members  have  been  considered  by  a.  number  of  writers1 >2>3 
by  assuming  that  the  transverse  strains  may  be  neglected.  This  assumption 
is  justifiable  in  that  the  longitudinal  direct  stresses  are  then  determined 
sufficiently  accurately  although  the  peak  shear  stresses  ore  in  error.  In 
this  report  it  is  shown  that  if  the  longitudinal  edge  members  ere  tapered 
so  that  their  stress  will  not  vary  along  their  length  it  is  possible  to 
obtain  simple  expressions  for  the  stresses  in  an  unreinforced  panel  without 
recourse  to  more  drastic  simplifying  assumptions.  If  the  panol  Is  rein- 
forced by  stringers  and  ribs  simple  expressions  for  the  stresses  are 
determined  on  the  assumption  that  the  panel  has  orthotropic  properties. 

2 List  of  Symbols  (see  Figure  l) 


2b 

t 

S 

R 

F 
- v 


Ox,  Oy 


TJ 


ax.*0y»'T:x y 
cr_ 


°S’  °R 


= width  of  panel 
= thickness  of  .sheet' 

= relative  stiffness  of ' stringers  to  sheet  (i.e.  stringer 
area/t  x .stringer  pitch) 

= relative  stiffhess  of  ribs  to  sheet  (i.e.  rib  area/ 
t x rib  pitch)  

= section  area  of  longitudinal  edge  member 

= Poisson's  ratio 

= Cartesian  co-ordinates,  Ox  measured  longitudinally 
= % x/2b 

= % y/2b 

= stresses  in  the  sneet  . 

= stress  in  the  longitudinal  edge  members 
= stresses  in  the  stringers  and  ribs 

= stress  resultants  in  the  reinforced  panel 


K 

a 

Y 

e 


n1 


n2 


J 


1 + S + R + SR  (1  - v2) 

1 + S (1  - v2) 

1 + (1  + v)  [ S + R + SR  (1  - v2)] 
1 + R (1  - v2) 


Y + \ 

2 

Y - ae 

e 

Y - \ 

2 

Y - as 

\l  e 
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= n1  " n2 


- | (Y  - 


p • 


, V * . 

= n1  + n2 


— (Y  + Jae)  ■ 


Stress  Distribution  in  a Long  Panel  Bounded  by  Constant  Stress 
Edge  Members 


In  this  paragraph  expressions  are  given  in  closed  form  for  the 
stresses  in  a long  panel  bounded  by  oonstant  stress  edge  members.  The 
analysis  is  given  in  Appendix  I and  is  based  on  a series  expansion  for 
the  stress  function;  the  resulting  series  for  the  stresses  are  shown  to 
be  suirtnable  in  term  of  Jaiown  functions.  The  boundary  conditions  con- 
sidered along,  the  transverse,  edge  are  either 'that  the  edge  is  free  cr 
that  it  is  supported  by  an  inextensional  but  flexible- member. 


3.1  Transverse  edge  tree 

The  boundary  conditions  considered  here  are  that  along  the  longitudinal 

edges 


Y 


and 


(1) 


so  that  there  are  no  transverse  loads;  and  along  the  transverse  edge 


and 


0 


xy 


(2) 


so  that  this  edge  is  free. 

3.11  Plain  sheet 

It  is  shown  in  Appendix  I that  the  stresses  in  the  panel  are  given  by 

2 r £ cosh  £ cos  T1  , 1 tan-1  /'_°2!ILY|  (3) 

% Lcosh2£  - sin2ri  \sinh  £ / J 
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fz 

°e 


= *[’ 


g cosh  g.  oos  n 


P P 

.cosh  g - sin 


- tan-1 


h 


( °°s  23 

\ sinh  g 


h SL 


- H f~  g sinh  g sin  n 
% Lcosh2g  - sin^ n 


(4) 

(5) 


These  stresses  have  been  plotted  as  contours  over  the  panel  in  Figures 
2>  3>  4» 

The  maximum  value  of  ay  is  -ffe  and  it  occurs  along  the  length  of 

2 

the  free  edge.  The  maximum  value  of  is  — <re  and  it  occurs  at  the 

oorners  of  the  panel.  The  variation  of  f along  the  longitudinal 
edges  of  the*  panel  assumes  a particularly  simple  farm: 

e = . , JrJ° (6) 

°*e  k sinh  g 


and  this  may  be  integrated  to  give  the  required  variation  of  the  section 
area  of  the  constant  stress  edge  members: 


F 


Fo 


4bt  gdg 
K2  J sinh  g. 


(7) 


3.12  Reinforced  sheet 

It  is  shown  in  Appendix  I that  the  stress  resultants*  in  the  panel 
are  given  by 


K _2K 
e xijrs 


j^n.j  tan-** 


cos  h 


sinh  (5/n-j)^ 


ng  tan-1  f — 222J3 \*j  (8) 

\ sinh  (5/n2)  Jj 


Sl 

°e 


2K  r 1 
TUjre  n-) 


tan" 


cos  n 


- — tan-1  (- 


oos  h 


sinh  (S/h^)  J n2  \sinh  (6/j 


(9) 


IB 

°e 


7C  ijr  e 


log 


'[cosh  (S/n^)  - sin  h]  [cosh  (g/hg)  + sin  hi  ~1 
L[cosh  (5/n-))  + sinh]  [cosh  (g/n2)  ” sinh]  J 


(10) 


*Stress  resultants  are  here  defined  as  (the  resultant  force  in  the 

stiffened  sheet  per  unit  length)  t.  They  therefore  have  the  dimensions  of 
a stress,  and  when  there  is  no  reinforcement  in  a particular  direction  the 
stress  resultants  are  the  actual  stresses  in  the  sheet. 
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The  maximum  value  of  - occurs  along  the  length  of  the  free  edge 
and  is  given  by 


^°y^max  K 

<%  s/aT 


(11) 


The  maximum  value  of  -t  occurs  at  the  corner  of  the  panel  and  is  given 


'•  (12) 


and  this  has  been  plotted  in  Figure  5 for  varying  values  of  the  stringer 
and.  rib  stiffness.  The  variation  of  along  the  longitudinal  edges  of 

the  panel  may  be  -written  in  the  form: 


(*  ) 
*y  e 


/ Ltanh  (£/2n2)  j 


(13) 


"and  this  may  be  integrated  to  give  the  required  variation  of  the  seotion 
area  of  the  constant  stress  edge  members: 


F = F„ 


l+K  bt\ 
i]/  e 


log 


tanh 


tanh  (S/2nP)  i 


as 


(14) 


3.13  Direct  stresses  in  the  sheet , stringers  and  ribs 

When  the  panel  is  reinforced  the  direct  stresses  in  the  sheet, 
stringers  and  ribs  are  related  to  the  stress  resultants  by  the  equations^- 


K 


1 + R V_  . VS 

OV  + V °v 


(15) 


1 + S\  - ' 

— )«y  4 


's  - 


vR  _ 
K 


e _ 

ov, 
K x 


- v — ’ 

’■  I 


(16) 

(17) 


and 


a _■ 


v - 


= k °"y  ” . K ^x 


(18) 
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3.2  Transverse  edge  supported 

If  the  transverse  edge  is  supported  by  an  inextensional  but  flexible 
member  the  seoond  part  of  equation  (2)  booomes 

a-  = o (19) 


and  the  other  boundary  conditions  are  unaltered. 

3.21  Plain  sheet 

It  is  shown  in  Appendix  I that  the  stresses  in  the  panel  are  given  by 


= 1 


1 f 5 oosh  g COS  T)  _ . 

- x| — + 2 tan 


-cos 


h2S  - sin2 


-1  ( _22£JL  Y| 

\sinh g )j 


(20) 


cr 

e 


1_  f g oosh  g cos  p 
A '-cosh2?  - sin2r) 


] 


(21) 


2g  sinh  g sin  t)  + ^ cosh  g + sin  p 

cosh  g - sin  -r) 


T*y  _ _ jL 

°e  2"Alcosh2g  - sin2  p 


)) 


(22) 


and  the  shear  stress  beoomes  infinite  at  the  corners  beoause  of  the 
logarithmic  term. 

3.22  Reinforced  sheet 

It  is  shown  in  Appendix  I that  the  stress  resultants  in  the  panel 
are  given  by 


K-_iK.f2  tan"Y-.0-°.3-.^-Vn: 

e *»»«♦  t.  1 \ sinh(g/n1)  ) ' 


2 tan"1  (—1 £13.. 
2 \ sinh(g/nj 


(23) 


cr 

e 


2K  f 

xue>!r  C 


tan-y  SS5-I! — \ - tan-1  /— 222. 

pey  U yinh(g/n^)  y ^ sinh(£/u2 


1st 


fn 

“ xpe^  (. ' 


'cosh(g/n.|}  - sin 


1 ® Vcosh(5/n^)  + sin  p 


- n2  log 


osh(g/n2)  - sin  p 


(24) 


'll 


cosh(g/n2)  + sin  T)  / J 


(25) 


4 Discussion  of  Results 


Prom  the  analysis  in  the  appendices  it  appears  that  the  exact  solu- 
tions given  in  para. 3 are  the  only  ones  capable  of  expression  in  olosed 
form.  The  case  of  a short  panel  is  considered  in  Appendix.  II.  The 
expressions  for  the  stresses  are  complicated  but  are  unlikely  to  differ 
significantly  from  those  for  a long  panel  unless  the  panel  length  is 
less  than  three  times  the  panel  width.  The  stress  distribution  in  a long 
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panel  bounded  by  constant  area  edge  members  loaded  at  their  ends  is 
considered  in  Appendix  III.  Contours  of  constant  o' , o in  an  unrein- 
forced panel  with  a free  edge  have  been  drawn  in  Figures  6,  7,  8 for  values 
of  F/bt  equal  to  i,  1,  2.  These  contours  differ  appreciably  near  the 
longitudinal  edges  from  those  shown  in  Figure  2 which  correspond  to  infinite 
F/bt.  The  peak  value  of  the  shear  stress  is  independent  of  F and  is 
2 

~ °e,o* 

5 Conclusions 


The  stress  distributions  in  long  panels  bounded  by  c exist ant  stress 
edge  members  are  considered  theoretically  using  the  exact  equations  of 
elasticity.  The  stresses  in  the  panel  are  expressed  in  closed  form,  and 
may  therefore  be  readily  determined.  Contours  of  stress  in  the  panel  arc 
shown  and  the  influence  of  closely  spaced  stringers  and  ribs  on  the  peak 
shear  stresses  is  investigated. 
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* 

B>  cn> 

z 

n 

Si,  s2 
5' 

So 

S1,1  > S2,1 

S1,2  » S2,2 
X 

P 


Additional  symbols  used  only  in  the  appendioQB 

= Airy  stress  function 
= constants  in  a summation 

= summation  for  n = 0 , 1,2,  » 

= sunmation  introduced  in  equation  (43) 

= g/n.,  or  g/n2 

= + 1 s2 

= values  of  S1  , S2  with  V =5/ni 
= values  of  S^  , S2  with  g 1 = g/n2 

= % x (length  of  panel) /4b 
= Kbt/Pe 

= positive  root  of  the  equation:  r + p tan  r = 0 


- 9 - 
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Stress  distribution  in  an  infinitely  long  panel  bounded  by 
constant  stress  edge  members 


In  determining  the  stress  distribution  in  the  reinforced  panel  it  is 
convenient  to  introduce  the  stress  function  <f>  , such  that  the  stress 
resultants  arc  given  by 


cr 

y 


xy 


iJL' 

2 

dx 

d2<t> 


dx  ay 


> 


(26) 


The  equilibrium  conditions  are  then  automatically  satisfied,  and  the 
condition  of  compat ability  is  satisfied  if  <f>  satisfies  the  differential 
equation^: 

4 4 

d <f>  a <t> 

“ "4  + 2Y~ 2 2 + 

ax  ax  ay 


. e% 

4 = 0 

ay 


(27) 


A suitable  form  for  the  stress  function,  which  is  a solution  for 
this  equation,  is 


0 


By* 


/(2n+l)flx\ 

V 2b  ni  / 


(28) 


where  and  n2  are  the  positive  roots  of  the  equation 

a - 2Y  n2  ■+  en^  = 0 (29) 

The  stress  resultants,  obtained  from  equations  (26)  and  (28),  are 
written  more  oonveniently  in  terms  of  £ and  n : 

Sx  - 2B  - .-t'2'"1)6/'1,  , oj  e-(2M,)Vn2j  oos  (2n+1)„  (jo) 

n 
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r'fCn  -(2n+l)g/n,  c*  -(2n+l)g/n2‘)  , . 

■ - > cos  (2n+l)n 


<r  = 

y 


•m*. 


+ 2 e 

n2 


J 


(31) 


xy 


f Cn  -(2n+lj)Vh1  C;  ;“(2n+l)S/n2')  ; 

) — e + — e sin  (2n+l)  N (32) 

tn1  n2  J 


and  the  actual  direct  stresses  in  the  sheet,  stringers  and  ribs  are  given 
by  equations  (15)  to  (18).  The  constant  B is  determined  from  the 
condition  that  as  £ tends  to  infinity, 


(33) 


so  that, 


(34) 


Along  the  longitudinal  edges  T)  so  that  cos(2n+l)T)  vanishes 

and  therefore  the  boundary  conditions  represented  by  equation  (l)  are 
satisfied.  (Note  that  o"s  s <?x  - vo'y). 


Transverse  edge  free 

Along  the  transverse  edge  § = 0 and  the  boundary  conditions 
represented  by  equation  (2)  are 


(Cn  + C^)  cos  (2n+l)  T)  = 


0 


(35) 


and 


sin  (2n+l)  N 


0 


(36) 


Now  from  Fourier  analysis 


so  that 


K°e  _ ^ ^e  y.  (-l)n  cos  (2n+l)  n 

e ft  s L-i  2n+1 

n 


°n-  + °A 


/ \n 

(-1)  4K  <re 
(2n+l)  ft  e 


(37) 


(38) 


r 11  - 
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and 


= 0 


(39) 


The  solution  of  equations  (38)  and  (39)  is 

(-l)n  4K  n.  cr 

c = ; ! — - 

n (2n+l) 

-(-l)n  4K  n2  <re 

Q!  _ — — 1 ■.  m . 

n (2n+l) 


(40) 


Transverse  edge  supported 


When  the  second  part  of  equation  (2)  is  replaced  by  equation  (19) , it 
will  be  found  that  equation  (36)  is  replaced  by 


VK  cr  r — 1 r 

• 'lb 

n 

fv  + + C*  fv  + ~ Y!  cos 

V n2;  n n2  / J 

(2n+1)ri  = 0 

(41) 

and  Gn  and  G ^ are  given  by 

(-l)n  4K  n^  <r0 
' n (2n+l)  71  epi|i 

> ‘ 

(42) 

0,  - -(-D" 4 

n (2n+l)  7i  s p ijr 

Solution  in  closed  form 

It  will  be  seen  by  comparing  equations  (28) , (M)  and  (42)  that  two 
distinct  simulations  oocur  in  the  stress  resultants,  and  these  may  be 
written  as 


■l 


. x n -(2n+l)5' 

(-1)  e cos  (2n+l)ri 


2n+1 


■I! 


. (-I)n  e‘(2n+l)g'  sin  (2n+l)n 


2n+1 


(43) 
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and  it  will  now  be  seen  that  S-|  end  S£  are  respectively  tho  real  and 
imaginary  parts  of 


e-(2n+l)(5,-iri) 


2n+1 


-S'+ih 

,\,1  - i e 
sinh  g1  + i oos  h 


= -1-  log 
2i 


— log 
2i  \ cosh  Z'  +--sin  h 


, / 003  p \ i , /coshg'  + sin  n \ 

i tan  1 ( — ) + - log  — , L j 

Vsinh^'/’  4 \cosh  £ 1 - sinh  / 


M 


so  that 


H = 


i tan"1 


\ sinh  £ 


-) 


(45) 


and 


log 


f cosh  £ ' 

+ sin  n 

\cosh  £ ’ 

- sin  T) 

(46) 


The  stress  resultants  afe  to  be  determined  from  equations  (30) , (3 1 ) , 
(32)  and  (40),  (42),  (4 3).  If  the  transverse  edge  is  free: 


°x  .K.  ..  .4K  , _ „ , 

cr  =-  ~ " !n1  S1,1  “ n2  S1,2  i 


(47) 


o 

c 

e 


S{(^)SV  "(4)Sl»2l 


(48) 


122 


_ - M. 


JS2,1  “S2^ 


(49)- 


and  these  equations  correspond  to .equations  (8) , (9)  and  (lo)  of  the  main 
text.  If  the  transverse  edge  is  supported-:'. 


fk  _ K_  ifK 

O “ e 75e(i\jf 


£n1 


31,1 


- n2 


31,2J 


(50) 
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% 


4K 


O'  7te|4 


£S1,1  ” S1,2^ 


(51) 


Is 

cr 

e 


-4K  , 

KBH+  ^ni  S2,1  “ n2  S2,2  ^ 


(52) 


and  these  equations  correspond  to  equations  (23) , (24)  and  (25)  of  the 
main  text. 

Plain  sheet 


If  the  panel  is  unreinforced  the  coefficients  and  n2  ere  each 

equal  to  unity  and  the  expressions  derived  above  for  the  stresses  assume 
an  indeterminate  form.  The  limiting  values  as  n^  and  n2  tend  to  unity 
may  be  readily  found  by  observing  that,  for  example  in  equation  (47)  j 


Limit 

n1  ■*  n2  "*  1 


!lVVl,2 


[_dn1  ^n1  Si,1^ 


_i  n1=1 


(53) 


with  similar  relations  for  the  indeterminate  forms  occurring  in  equations 

(48)  to  (52). 


Now, 


an.j 


g cosh  g cos  n 
2 (cosh2 g - sin2r]) 


(54) 


and 


3 _ E sinh  g sin  n 

^n1  2,1  2(cosh2  £ - sin2ri) 


(55) 


so  that  the  derivation  of  equations  (3),  (4)  , (5)  > (20) , (2l)  and  (22)  is 
now  straightforward. 
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AEFTODIX  II 

Stress  distribution  in  a finite  panel  bounded  by- 
constant  stress  edge  members 

The  stress  function  is  symmetrical',  about  the.  line  g = \,  and  in  the 
expansion. for  0-  (see:-equalion  (28))  the  term 
/ 

- (2n+-lX/n^  coshf  (2n+l)  (X-g)/n.i  I 

e is-  therefore-  replaced  by  — (5°) 

cosh  [(2n+l)  } 

pnd -there  is  a.  similar  replacement  with  n2  instead,  of  n*. 

The  stress,  resultants  are  then  given  by 


c r 


x. 


2B 


cosh{(2n+l)  (X-g)/n.j) 
cosh  [ ( 2n+ 1 ) X/n^] 


30sh[(2n+l)(\-g)/n2h 
cosh[(2n+l)x/n9]  J 


cos._  .(.2n+l)ri  .(57) 


V 


cosh{(2n+l)  (x-g)/n1  ] 
. n|  cosh[(2n+l)-Vn^  ] 


cosh  [(2n+l)  (X-g)/no  J ■>  , 

0 ' — -ll- . Lii  cos.  ,(2n+l)  h (58) 

n n^  cosh f(2n+l)X/n2)  J 


V1  r sinhf(2n+l)  (X-g)/n^  ] 
n l n nj  cosh[(2n+l)X/n1] 


(55) 

cos  h K2n+l)X/n2j  J 


Transverse  edge  free 
It  is  found  that 
(-l)n  ifKff 


O'- 

n 


(2n+l)  ^ e 
-(-l)n  4K(T 


n.j  tanhf(2n+l)\/n2} 

n-j  tanh{(2n+l)x/n2]  - n2  tanh {(2n+l)x/n|: 
n2  tanh  [(2n+l)l/n^  ] 

(2n+l)  fte  (^n^  tanh J(2n+l)\/n  2]  - n2  tanh[(2n+l)X/n^ J 

- 15  - 


(60) 
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It  is  found  that  and  °n  are  given  by  equation  (4 2.) . 

It  does  not  appear  possible  to  obtain  closed  forms'  for  either  of 
these  oases. 


RESTRICTED 
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AEEEMDIX  III 


Stress  distribution  in  an  infinitely  long  panel  bounded  by 
constant  area  edge  members 

If  the  panel  is  bounded  by  constant  area  edge  members  loaded  only  at 
their  ends  the  boundary  condition  along  the  longitudinal  edges  correspond- 
ing to  the  first  part  of  equation  (l)  is  replaced  by  the  equilibrium 
condition 


3tr 

t t + F — 
xy  ax 


0 


(61) 


This  condition  will  be  satisfied  by  introducing  a stress  function  similar 
to  that  of  equation  (28)  with  (2n  + l)^/2  replaoed  by  r , for  this  gives 
the  stress  resultants  in  the  form: 


-r  x/bn,. 

*x  = 2B  " L l°n  e + °A  0 


n 


r j/bn,! 

j cos  rny/b  (62) 


VYCn  CA  ” rnx/bn2 


a**? 


—r  e 

n2 


cos  rny/b 


(63) 


xy 


Vr°n  "rnx/bn1  CA  “rnx/bn2")  , . 

= “ 2,1.- • + j sinrnyA 


(64) 


r C -rnx/bn1  CM  -rnx/bn2') 

and  equation  (6l)  becomes,  on  dividing  by  e ’ 


+ — e 


Psr 

t sin  r_  + — cos  r„  = 0 

^ Kb  n 


(65) 


which  is  satisfied  because  of  the  definition  of  the  rn  terms.  The 

boundary  condition  represented  by  the  second  part  of  equation  (l)  will  not 
now  be  completely  satisfied,  but  the  effect  on  the  stress  distribution  is 
negligible. 

From  generalised  Fourier  analysis 


so  that  the  condition  that  <rx  vanishes  along  the  transverse  edge  is: 


- 17  - 
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0 Q,  -2Ko-e>0  (l+p)  cos  rn 
n n -/.  .2. 


e(p  + cos2  rn) 


(6?) 


If  the  transverse  edge  is  free 


2b.  + 2L 

n.  n0 


(68) 


and  if  the  transverse  edge  is  supported 


cA 


n 

2 + 2 = 0 

n1  n2 


(69) 


If  and  are  solved  for  equations  (67)  and  (68) , or  (67)  and 

(69),  and  substituted  in  equations  (62) -(64.)  the  problem  is  formally  solved. 


Plain  sheet 


The  case  when  the  sheet  is  unreinforced  and  the  transverse  edge  is 
free  is  of  interest.  It  is  found  that  the  stresses  are  then  given  by: 

-r  x/b 

a-y  1 X"1  sin  r (1  + r x/b)  e n cos  (r  y/b) 

^ ■ ITT  2PA — ~ (70) 


e,o 


rn  (p  + cos2  rn) 


e.o 


= - 2P 


z 


. -r  x/b  . 

sin  rn  (1  - rnx/b)  e cos  (rny/b) 

rn  (P  + cos2  rn) 


(71) 


e,o 


2px 

b 


z 


-r  x/b 

sin  rne  a sin  (rny/b) 

___ 

p + cos^  r 


(72) 


Contours 

values  of  -i 

P 


of  oonstant  o' ■x/o'g f 0 
equal  to  ■J,  1 and  2. 


are  plotted  in  Figures  6,  7,  8 for 

The  maximum  value  of  t is 

-\y 


'e.cr 


- 18 


.75380/? 
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FIG.  2. 


FIG.  2.  CONTOURS  OF  CONSTANT  6X  / 6e. 


FIG.  7.  CONTOURS  OF  CONSTANT  6*/6e,o  : 
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